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- [57] , STRACT 

Device for simultaneous generation and detection of 
markings (e.g. handwriting) comprising at least one 
marking member and at least one optical sensor, which 
is arranged to sense at least one optical property of the 
surface on which the marking is being made, the mark 
ing member being arranged to change said at least one 
property of the surface on which the marking is made, 
said optical sensor being arranged to sense the direction 
of said marking relative to the orientation of the device. 

5 Claims, 31 Drawing Figures 
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DEVICE FOR SIMULTANEOUS CREATION AND 
DETECTION OF MARKINGS 

TECHNICAL FIELD 

The present invention relates to a device for the si 
multaneous generation and detection of markings 
(which may or may not be permanent), comprising at 
least one marking member and at least one optical sen 
sor, which is arranged to sense at least one optical prop 
erty of the surface on which the marking is being made, 
the marking member being arranged to change perma 
nently or temporarily said at least one property of the 
surface on which the marking is made and said optical 
sensor being arranged to sense the direction of said 
marking relative to the orientation of the marking mem 
ber. 
Throughout this speci?cation the term “marking” is 

used to indicate any form of permanent mark on a sur 
face (such as is caused, for example, by a pigment, local 
ised melting or scratching) or any form of temporary 
mark (such as is caused, for example by a powder de 
posit, a fadeable dye, phosphorescence or lumines 
cence) and includes a localised detectable change in an 
optical property of the marked surface which is not, or 
not readily, visible to the naked eye under normal ambi 
ent illumination. 

DISCUSSION OF PRIOR ART 

A “bottle-neck” in the use of computer-based systems 
is the communication between man and the computer, 
that is, in the area of data input. Nowadays the use of 
keyboards of various types is totally dominating. This 
method for data input has the inherent drawback of 
requiring considerable operator training in order to be 
ef?cient, and furthermore there are dif?culties in 
achieving simultaneous efficient processing of purely 
graphic information. Because of these problems, other 
methods for communication between man and machine 
are being developed, the principal methods in this con 
nection being speech input and direct input of hand 
written characters. In the case of speech input, the input 
member is a microphone, which is a technically well 
developed component, whereas for input of handwrit 
ten information a great many proposals have been made 
how to sense the movement, speed and acceleration of 
the hand providing the input data. 
The transducer described in this application is based 

on a previously known principle (see eg US. Pat. No. 
3,182,291) involving the use of a specially constructed 
pen for the simultaneous generation and detection of 
markings, an optical sensor being arranged to sense the 
direction of the marking relative to the orientation of 
the marking member (eg a pen). With the prior art 
technical solutions, the detector signal is greatly depen 
dent on the distance between the optical sensor and the 
surface on which the marking is being made, the inclina 
tion of the pen, light from reading lamps, fouling of the 
sensor, etc. These potential sources of error impose 
great demands on the way in which the user holds the 
marking member against the surface on which the 
marking is being made, on the ambient lighting condi 
tions, on how often the tip of the marking member is 
cleaned, and so on, and therefore this type of transducer 
for input of handwritten information has never been 
widely used. 
The present invention relates to a device which is 

capable of completely eliminating all the above-men 
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tioned problems. The invention is characterised in that 
the optical properties of the surface affected by the 
marking includes at least one of the light absorption 
spectrum, the light re?ection spectrum, the light trans 
mission spectrum, the light polarization and the light 
luminescence of the surface to be marked. With modern 
optical and opto-electronic components such as laser 
diodes, light-emitting diodes, photodiodes, optical f1 
bers, optical branches and optical interference ?lters, 
which may be manufactured in micro-size, at a low 
price and in great volumes for installation in thin, light 
and convenient marking members, a very accurate de 
tection of the direction of the marking relative to the 
orientation of the marking member is made, according 
to the invention, without any dependence on the dis 
tance from the tip of the marking member to the under 
lay, the inclination of the marking member, the ambient 
light, the fouling of the tip, etc. This accuracy of detec 
tion may be achieved by introducing means for spectral 
selection between the marking and the surface on which 
the marking is being made. Thus, the direction of the 
marking relative to the orientation of the marking mem 
ber can be measured by sensing the light absorption 
spectrum, the light re?ection spectrum, the light trans 
mission spectrum and/or the light luminescence over at 
least one area adjacent the tip on the surface where the 
marking is occurring. 

BRIEF DESCRIPTION OF DRAWINGS 

The invention will now be exempli?ed, in greater 
detail, by way of example, with reference to the accom 
panying drawings, in which: 
FIGS. 1, 2 and 4a are schematic representations of 

the basic principle employed in a device according to 
the invention for sensing the direction of a marking, 
FIGS. 30 to 32 show details of ?ve embodiments of 

the device of FIG. 2, 
FIGS. 4b and 40 show details of the device of FIG. 

4a, 
FIGS. 5a to 50, 6a to 6d, 70 and 7b and Sa and 817 

show principles of the operation of a device according 
to the invention utilizing different sensing systems, 
FIGS. 9 to 12 show details of the construction and 

operation of a complete system for the input of hand 
writing into a computer, 
FIGS. 13a, 13b and 13c show still further modi?ed 

detector arrangements for a device according to FIG. 2, 
FIG. 14 shows a stabilizing system for a light source 

in a device according to the invention, and 
FIG. 15 shows the principle of operation using polar 

ized light. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

In principle, a device according to the invention may 
comprise three main components, a marking member, a 
sensor and an electronic unit. The marking member 
performs some form of mark on a medium, which 
causes at least one physical or chemical property of the 
medium to be changed where the marking is made. The 
sensor senses the property of said medium and detects, 
during the whole generation or parts of the generation 
of the marking, the direction of the marking on the 
medium in relation to a reference direction of the mark 
ing member, said reference direction extending parallel 
to the tangential surface of the medium. In this way, the 
sensor signal constitutes a more or less accurate mea 
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sure of the direction of the marking in relation to the 
marking member. When the mark being made coincides 
with or intersects an earlier mark, said signal also consti 
tutes a measure of the direction or directions of these 
earlier marks relative to the marking member, while at 
the same time a signi?cant detection of coinciding or 
intersecting marks is obtained. The electronic unit may 
comprise electronic circuits for analysis of the sensor 
signal when the marking member is displaced. This 
analysis can be based on known pattern recognition 
methods and extracts from the sensor signal or signals, 
the whole of or parts of the marking information for 
presentation in electrical, optical or mechanical form. In 
one application, the marking member may be controlled 
by a human hand, the marking member and the sensor 
then being mechanically connected to each other. The 
object of invention may, for example, consist of a device 
for simultaneous marking and sensing of marks made, in 
which the marking is carried out by changing the opti 
cal properties of the material to be marked, and in 
which the detection is carried out by an optical detector 
system built into the device. The spectral composition 
of the light can be analyzed, in which case absorption, 
transmission and luminescence spectra are utilized to 
accurately detect the direction, width, strength and 
curvature of the mark made. 
FIG. 1 shows a device 1 for the simultaneous creation 

and sensing of a mark 23, the creation of the mark being 
carried out by changing the optical properties of a mate 
rial Ii on which the mark is made, and the sensing being 
carried out by an optical sensor system built into the 
device 1. At the mark 2, the light absorption, light re 
?ection, light transmission, light polarization and/or 
light luminescence of the material 3 are changed where 
the mark has been made. The marking is carried out by 
using any convenient known technique, for example, by 
using a graphite point, a felt or nylon point for transfer 

' of a liquid marking medium, a capillary point of foun 
taint-pen or ink pen type, a ball point connected to a 
reservoir of a liquid marking medium, a thermal point, a 
jet of ink, a light beam, or a scribing point. In the fol 
lowing description of the drawings, points of ball-point 
type will be described (see 6 in FIG. 2), but in all the 
cases any other type of marking point may, in principle, 
be used. 
To continuously sense the mark made during the 

marking procedure, the marking device must be pro 
vided with a photo-detector arrangement, such as that 
eirernpiizfied schematically in FIG. 2. A photo-detector 
part It detects light re?ected from the material 3 when 
an external light source 5 illuminates the material 3 from 
the same side on which the mark 2 is made. The mark 2 

, changes the reflection capacity, the light absorption 
, property, the luminescence, the polarization and/ or the 
. optical transmission property of the material 3. To uti 
E line a changed absorption and/or transmission capacity, 
‘ the base of the material 3 may be re?ecting or, alterna 
, tively, the underside of the material 3 may be provided 
with a reflecting layer. If the external light source 5 

1 illuminates the material 3 from the opposite side to that 
on which the mark is made, which may be arranged by 
placing the light source 5 below transparent or translu 
cent material 3 as shown in FIG. 2 or by employing a 
system of, for example, mirrors, prisms and/or light 
conductors, the photo-detector It will be able to mea 
sure directly the change in the optical absorption and 
/or transmission capacity of the material 3 caused by 
the mark. In FIG. 2 the marking member consists of a 
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ball 6 which releases a marking medium at the correct 
rate from a re?ll cartridge ‘7. 
The photo-detector part 4i- may take a plurality of 

different forms, which are shown in FIGS. 3a to 32, 
each of which represent a device 1 such as that shown 
in FIG. 2 as seen from the material 3 and in the direction 
of the longitudinal axis of the device 1. One or more 
light detectors 9 to 12 are mounted on a holder 8 which 
is attached to the device 1 via its casing and/or its re?ll 
cartridge 7 and/or by some other mechanical method. 
FIG. 3a shows the ball point 6 in the middle and one 

light detector 9 adjacent thereto. By introducing one, 
two or three additional detectors 10-12, positioned 
around the ball point 6 according to FIGS. 3b, 3c and 
3d, a desired resolution can be obtained of the changes 
in the direction of the mark made relative to the orienta 
tion direction of the device 1. It is, of course, possible to 
use an arbitrary number of photo-detectors arranged in 
a ring around the ball point, in which case photo-detec 
tors in the form of rows of diodes and/or CCD circuits 
may be used. 
FIG. 3e shows an arrangement with an annular detec 

tor 12 around the point 6 which is used with a masking 
disc 13 (having clear sectors 15 and opaque sectors 16) 
and a ?lter disc 14 having a continuously varying light 
transmission which is smallest at 17 and greatest at 18. 
With the detector arrangements shown in FIGS. 30 

to 3d, the direction of the mark made relative to the 
detector arrangement can be measured. By introducing 
further detectors at different distances in a radial direc 
tion from the ball point 6, the curvature of the mark 
made can also be detected. Examples of detector ar 
rangements for this are shown in FIGS. 13a, 13b and 
130. In FIG. 13a, four outer detectors 19, 20, 21 and 22 
are mounted on the holder 8, in addition to the detectors 
9, 10, 11 and 12, whereby, for example, a straight mark 
moving past the detector 9 will only in?uence that 
detector, whereas an upwardly curved mark will also 
in?uence the outer detector 22. FIG. 13b shows an 
arrangement in which a mosaic of detectors 23 is used 
on the holder 8 around the ball point 6. 
FIG. 130 shows a further detector arrangement in 

which annular detectors (e.g. 12 and 24) are disposed 
around the point 6, to sense the marked line at different 
radial distances from the point 15. The arrangement of 
FIG. 130 can be used with a ?lter 14 having the varying 
light transmission properties discussed with reference to 
FIG. 32. 
When the marking device 1 is to be moved by a 

human hand, it is desirable that the tip of the device 
with the marking and sensing members be as thin as 
possible in order not to obscure the mark made and so 
that the device will not be unwieldy to hold in the hand. 
To meet these requirements, thin optical ?bres may be 
used, as is shown in FIGS. 4a, 4b and 40. These Figures 
show a pen 33 in which the writing point 34 is sur» 
rounded, according to FIGS. 4b and 4c, by four light 
conducting ?bers 35, 36, 37 and 38, each of which may 
have as small a diameter as 10 pm. The number of light 
conductors used and their arrangement around the 
point 34 may be varied in many ways within the guide 
lines described above. 
To overcome the sensitivity of mark detection to the 

inclination of the pen 33, to the length of the projecting 
point 34-,?or to fouling, etc., a spectral analysis of the 
light coming from the material 3 can be carried out. 
Such a spectral analysis may be carried out in a manner 
illustrated in FIGS. 5a, 5b and 50. In FIG. 5a a support 
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8 on a cartridge 7 receives two light beams 64, 65 from 
the source 5, the ?rst after re?ection from the medium 
3 and the second after re?ection from the mark 2. As 
shown in FIG. 5b, each re?ected light beam forms two 
partial rays 67 and 68, each of which passes through a 
respective optical ?lter 69 and 70 on its way to a respec 
tive detector 71 and 72. Examples of the spectral rela 
tionships which may be valid are shown in FIG. 50. The 
light source 5 is here assumed to have a broad emission 
spectrum 73, the unmarked material 3, a broad re?ec 
tion spectrum 74, the marked material 3, a narrower 
re?ection spectrum 75, (e.g. corresponding to a mark 
ing colour) and the optical ?lters 69 and 70 are assumed 
to have narrow transmission spectra 76 and 77, respec 
tively. As is clear from FIG. 5c, the detector signal from 
the detector 71 with the ?lter 69 having the ?lter char 
acteristic 76 will not be appreciably changed by 
whether the ray 67 emanates from a re?ection from a 
mark or not. On the other hand, the signal from the 
detector 72 will be very small if the ray 67 emanates 
from a re?ection from a mark, since the re?ection ca 
pacity of the mark is small in the characteristic wave 
length range of the ?lter 70. With this arrangement, the 
signal from the detector 71 may be used as a reference 
signal. 
When a light source 39 is actually positioned on the 

marking means 7 (see FIG. 6a), it is most convenient to 
use light-emitting diodes or laser diodes, and thus obtain 
a narrow-band illumination. FIG. 6b shows schemati 
cally an example of light source and detector arrange 
ments using light-emitting diodes and photo-diodes, 
respectively. The same designations and description 
used for FIG. 5b apply here also. Two examples of 
possible spectral relationships are indicated in FIGS. 6c 
and 6d, again using the same designations employed 
with reference to FIG. 5c. Many variants exist for the 
spectral relationships, but they all have one thing in 
common, namely that they extract at least two detector 
signals, of which one detector signal (via ?lter 69)- 
corresponding to the filter characteristic 76--has a 
smaller dependence on whether or not there is a mark 2 
on the material 3 than the other detector signal. Since 
both detector signals have approximately the same de 
pendence on the distance between the detector and the 
material 3, it is possible, for example by quotient forma 
tion between the signals from the two detectors, to 
obtain a signal which is only dependent on whether or 
not a mark has been sensed. It is of course possible to 
use more than two spectrally sensitive detectors, 
whereby the optical system can be made to carry out a 
more or less complicated spectral analysis of the light 
from the material 3. 
To perform the measurment at more than one wave 

length interval, it is possible to use two or more light 
sources as shown in FIGS. 7a and 7b. Two light-emit 
ting diodes (LEDs) 78 and 79 with the emission spectra 
89 and 90, respectively, are coupled alternately to a 
current generator 81 via a switch 80. The emitted light 
rays 82 and 83 illuminate the same spot on the material 
3, and one re?ected light ray 84, emitted from the said 
spot, will alternatively contain light from the two 
LEDs 78 and 79. The composite light ray 84 is moni 
tored by a photo-diode 85, the output signal of which is 
alternately connected into memory circuits 87 and 88 
synchronously with the switching of the light sources, 
whereby the signal from the output of the memory 
circuit 87 is a measure of the light from the LED 78 as 
in?uenced by the material 3 and the signal from the 
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6 
memory circuit 88 is a measure of the light from the 
LED 79 as in?uenced by the material 3. This system 
thus employs time-division multiplexing. However, 
frequency-division multiplexing may also be used. An 
example of a spectral relationship for the system of 
FIG. 7a is shown in FIG. 7b. The LED 78 emits light 
having a spectrum 89, which is re?ected both by the 
material 3 having a re?ection spectrum 74 and by the 
mark 2 having a re?ection spectrum 75. The LED 79 
emits light having a spectrum 90, which is chosen so 
that the re?ecting capacity 75 of the mark 2 is here 
lower than for the unmarked material 3. The spectral 
sensitivity curve 91 of the detector 85 is assumed to be 
substantially ?at in FIG. 7b. It is of course possible to 
combine several light sources having different emission 
spectra with several detectors having different sensitiv 
ity spectra. 

If the material 3 and/ or the marks 2 on the material 3 
are luminescent, this fact may be made use of not only 
for reducing the sensitivity of detection to the inclina 
tion of the marking member, the length of the point, or 
the fouling of the point, etc., but also for eliminating 
undesired re?ections from, for example, the ball point. 
FIGS. 80 and 8b show an example of a further optical 
arrangement and the spectral relationships applicable 
thereto. The LED 78 emits light 82, having the spectral 
distribution 89, towards the material 3. The material 3 is 
assumed to have the same re?ection capacity both with 
and without a broad re?ection spectrum. Re?ected 
light from the LED 78 is, however, blocked by an opti 
cal ?lter 92, which has a transmission curve 96, so the 
signal from the detector 85 is very small. However, if 
the mark contains a luminescent material having a lumi 
nescence spectrum 95, luminescent light is obtained 
which can freely pass the ?lter 92 and give rise to a 
detector signal. 
By using some form of spectral analysis in the manner 

described with reference to FIGS. 50, 6c, 6d, 7b or 8b, 
an accurate sensing of the mark made is obtained, 
whereby variations in the width and strength of the 
mark can also be detected. The width of the mark is 
determined by the relative detector signal values be 
tween different detectors, and the strength of the mark 
is determined by the absolute value of the individual 
detector signals. 

In addition to using spectral differences between the 
mark 2 and the unmarked material 3 in order to increase 
the detection accuracy, polarization differences in ac 
cordance with FIG. 15 may be used. In FIG. 15 the 
light from the LED 78 is polarized by a device 105, 
which is oriented so that re?ections from the material 3 
are almost eliminated. If the reflection quality of the 
mark 2 is independent of the polarization direction, light 
which illuminates the mark 2 will be re?ected towards 
the detector 85. 

In all cases where an accurate optical detection is 
desired, the optical components should be temperature 
stabilized. In addition, the light sources should be opti 
cally stabilized by employing an opto-electric feedback 
system such as that shown in FIG. 14. Part of the light 
from the LED 78 impinges on a detector 106, the output 
signal of which is ampli?ed in an ampli?er 107, is com 
pared with a reference signal vrefin a comparison de 
vice 108, is controlled in a regulating device 109, and is 
ampli?ed in a driver 110 of the light source to maintain 
the light emission of the latter constant. 
The manner in which the marking device functions 

will now be described with reference to the embodi 
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ment according to FIGS. 40, 4b, 4c, which has a mark 
ing point 34, surrounded by four symmetrically posi 
tioned optical ?bers 35, 36, 37 and 38. FIG. 9 shows one 
example of an optical arrangement of four optical ?bers. 
Two LED chips 111 and 112 are mounted on a cooling 
plate 113 and are connected to power-supply contacts 
114 and 115, respectively. Light from the LEDs 111 and 
112 is led into the four ?bers 116, 117, 118 and 119 and 
is passed, via branches 124, 125, 126 and 127, respec 
tively, to the fibers 35, 36, 37 and 38, respectively. The 
light which is re?ected back from the material 3 into the 
?bers 35-38, is passed to the branches 124-127, from 
which part of the light of the respective ?ber is for 
warded to ?bers 120, 121, 122 and 123, respectively, and 
thence to photo-diodes 128, 129, 130 and 131, respec 
tively. In this embodiment, the photo-diodes are inte 
grated on a single semiconductor crystal 140, which 
also has a conduction pattern thereon which makes it 
possible to connect the four photo-diodes to terminal 
contacts 141, 142, 143 and 144, respectively. A screen 
145 is provided to prevent light from leaking over di 
rectly from the LEDs 111 and 112 to the photo-diodes 
121-131. 
The LEDs and the photo-diodes are connected to a 

measuring electronic unit, one embodiment of which is 
shown in FIG. 10. Two oscillators 146 and 147 with 
different operating frequencies f] and f2, respectively, 
supply the LEDs 111 and 112, respectively, via driver 
ampli?ers 148 and 149, respectively. The emission spec 
tra of the LEDs are wavelength separated and are se 
lected as previously described in connection with FIG. 
7b. The signals from the photo-detectors 128-131 are 
ampli?ed in ampli?ers 150-153 and are divided into the 
two frequency components f1 and f2 and then are de 
modulated by circuits 154-160’. To obtain signals S1, 
S2, S3 and S4, which are compensated for the inclina 
tion of the marking device 33 (see FIG. 4a), quotient 
formations are performed between the two signal com 
ponents for each detector channel in respective quotient 
devices 161-164. To be able to evaluate the compen 
sated detector signals in digital systems, there is pro 
vided an analog-to-digital converter 172, which is con 
nected to a sample-and-hold circuit 169, which reads 
the signals 81-54 in successive order via switches 
165-160 which are controlled by a ring counter 170. 
This parallel/series connection, as well as the analog-to 
digital conversion, is controlled by a clock 171. 
FIG. 110 shows the characteristics of the signals 

81-84 when a ?gure three is drawn and FIG. 11b, when 
a ?gure eight is drawn. P1-P8 indicate eight arbitrarily 
chosen positions along the marked “3”. These positions 
are indicated on the enlarged three shown in FIG. 11a. 
In the same way, P1-P11 indicate eleven positions 

‘ along a marked ?gure eight in FIG. 11b. In each Figure, 
‘ DOWN indicates the time when the marking member is 
placed onto the material, START indicates the time 
‘when the marking begins, STOP indicates the time 
I when the marking ends, and LIFT indicates the time 
when the marking member is lifted from the material 3. 
To analyze the signals 81-84, with the object of iden 

tifying the ?gure, letter or symbol being drawn, an 
‘ electronic architecture according to FIG. 12 can be 
used. The signals 81-84 are analog-to-digital converted 
by devices 173-176. (In comparison with the device 
according to FIG. 10, no parallel/series conversion is 
made in this case.) The digital values are taken care of 
by one processor PROC1 (177-180) per signal. This 
parallelism can be necessary for real time analysis of the 
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8 
drawn mark. The processors 177-180 are identical and 
extract from the signals special characteristics as, for 
example, times for signal minima, depth and width of 
signal minima, and possibly times for start and stop of 
the marking. For the latter, an extra signal S5 (see FIG. 
10), may be required. The parameters of the characteris 
tics of the signals are successively stored in memories 
RAMI, (181-184). When one ?gure, etc., has been 
drawn and the next has been started, a processor 
PROC2 (185) reads out the parameter values from the 
memories 181-184 and compares these with reference 
values which are stored in a memory RAM2 (186). 
When the drawn ?gure, etc., is identi?ed, a signal repre 
senting this is emitted via an I/O unit 187, while at the 
same time the statistical variation of the set of parame 
ters of the reference memory 186 can be updated. 

In case of reference storage, the system operates in‘ 
the same way, however with the difference that the 
drawn number, etc., has to be de?ned, for example, by 
information to the memory PROC2 from, for example, 
a computer (not shown) via the I/O unit 187. The refer 
ence storage may, of course, take place by the operator 
registering on the material 3 a predetermined character 
sequence stored in the memory RAM2 (186). 
The devices according to the above may be varied in 

many ways within the scope of the following claims. 
What is claimed is: 
1. A device for the simultaneous generation and de~ 

tection of a marking on a surface to be marked, compris 
mg: 

at least two light sources for emitting non-identical 
emission spectra; 

?rst means for multiplexing said at least two light 
sources to radiate said surface with said non-identi 
cal emission spectra; 

at least one marking member for changing at least one 
optical property of the surface to be marked, said 
optical property being de?ned within at least two 
separated wavelength ranges of an optically detect 
able spectrum; 

sensor means for sensing said at least one optical 
property within said at least two separated wave 
length ranges and producing respective detecting 
signals representative thereof; 

a computing unit responsive to said detecting signals 
for effecting the mark sensing to determine the 
direction of said marking relative to the orientation 
of said at least one marking member independently 
of at least one of the distance and inclination of said 
at least one marking member relative to the mark, 
ambient light, and optical transmission of signals 
representing said at least one optical property; and 

second means for demultiplexing said detecting sig 
nals to said computing unit in synchronous rela 
tionship with said ?rst means for multiplexing. 

2. A device according to claim 1, further comprising 
at least one optical ?ber provided with at least one 
optical branch, whereby incident light from said light 
emitting means is fed to said at least one optical ?ber 
and that incident light re?ected. from the mark is input 
to said sensor means via said at least one optical ?ber 
and said at least one optical branch. 

3. A device according to claim 1, in which said com 
puting unit includes an electronic circuit responsive to 
said detecting signals for measuring at least one of the 
width or intensity of the mark. 
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4. A device according to claim 1 wherein said com 
puting unit includes means for forming quotients from 
said detecting signals. 

5. A device for the simultaneous generation and de 
tection of a marking on a surface to be marked, compris 
ing: 

at least two light sources for emitting non-identical 
emission spectra; 

means for multiplexing the non-identical emission 
spectra from said at least two light sources to be 
incident on said surface; 

at least one marking member for changing at least one 
optical property of the surface to be marked, said 
optical property being de?ned within at least two 
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separated wavelength ranges of an optically detect 
able spectrum; 

at least one optical sensor for sensing said at least one 
optical property within said at least two separated 
wavelength ranges and producing respective de 
tecting signals representative thereof; and 

a computing unit responsive to said detecting signals 
for effecting the mark sensing operation to deter 
mine the direction of said marking relative to the 
direction of said at least one marking member inde 
pendently of at least one of the distance and inclina 
tion of said at least one marking member relative to 
the mark, ambient light, and optical transmission of 
signals representing said at least one optical prop 
erty. . 


